Electromagnetic radiation exposure increases with the rise of the wireless communication devices. Electromagnetic radiation, especially near 2400 MHz band, has gradually increased with the widespread of wireless fidelity adapter in indoor environment. In this study, electromagnetic radiation in dwellings where different Wi-Fi adapters and routers are used was assessed by measuring the electric field and compared with other electromagnetic radiation source and the limits set by the Information and Communication Technologies Authority. Measurements were taken in the range of 760-2690 MHz bands used by GSM, 3G/LTE and Wi-Fi technologies. The detected values for all frequencies are significantly lower than the limits of the Information and Communication Technologies Authority. Among the electromagnetic radiation sources, electromagnetic radiation of Wi-Fi adapter is higher than GSM/3G/LTE sources radiation in dwellings. Electromagnetic radiation values in nearest point of high power adapter Wi-Fi antenna are close to the Information and Communication Technologies Authority limit value. Results show that electromagnetic radiation based on Wi-Fi adapters or routers can be higher than GSM based electromagnetic radiation.
Introduction

Exposure of electromagnetic (EM) radiation (EMR)
is exponentially increased as ubiquitous of wireless devices and their daily usage time rise in our lives. Wireless networks and use of devices that emit EM field are spreading out by the time [1] [2] [3] [4] . These developments cause electromagnetic pollution and environmental pollution. These pollutants may threaten human health. Furthermore, for some people suffering from electromagnetic hypersensitivity, electromagnetic field (EMF) pollution causes many more minor and severe health risks [5] . Scientists have identified EMR as an indoor and outdoor environmental pollutant. Therefore, different procedures or methods can be used to assess environmental exposure to RF radiation [6, 7] .
There have been many studies about measurement of electromagnetic radiation. Some of these studies are made in urban areas, campus areas, and different dwellings [7] [8] [9] [10] . The electric field strength of base stations and even Υ radiation dose levels were measured with the samples taken from different distances from a base station [10] [11] [12] [13] [14] . In addition, electromagnetic radiation measurement of a high power wireless network adapter and Wi-Fi access points are investigated in some studies [15, 16] .
In this study, electric field strengths are measured in different dwellings. Measurements were taken in the range of 760-2690 MHz bands used by GSM, 3G/LTE * corresponding author; e-mail: yasin.karan@erdogan.edu.tr and Wi-Fi technologies. The rest of this paper is organized as follows. In Sect. 2, electromagnetic environment, effects and guidelines are given. In Sect. 3, measurements and results are given. Finally, Sect. 4 contains conclusions.
Electromagnetic environment
Electromagnetic waves and sources, biological effects of electromagnetic fields, standard and guidelines are given in this chapter shortly. The details of this chapter are given in previous studies [9, 11] .
Electromagnetic waves and sources
Radiation is the propagation process of energy of waves through a medium. Two types of radiations are ionized and non-ionized radiation. Non-ionized radiation consists of EM radiation. EM fields consist of electric and magnetic field components. Electric fields arise from voltage and are measured as volts per meter (V/m). Magnetic fields arise from current flows and measured as amperes per meter (A/m). Both electric and magnetic field components oscillate in phase perpendicular to each other.
Non-ionizing radiation spectrum covers the frequencies below 300 GHz which are radio waves and other frequency bands such as microwaves, telecommunication signals, GSM base stations, radar signals, RF-TV waves, high voltage systems, power systems.
Biological effects of electromagnetic fields
Long-term exposure to EM radiation is thought to cause lasting effects. The most obvious effect of nonionizing radiation is temperature increase in the tissues.
(509) High frequency (HF) or RF electromagnetic fields can heat all body or parts of the body depending on the frequency. The body and body parts act as a lossy antenna in the 0.75 m to 2 m wavelength range. The body qualitative absorption curve as a function of radio frequency is shown in Fig. 3 [17] . The absorbed electromagnetic wave energy by the body in living organisms is giving by specific absorption rate (SAR). SAR is the amount of energy per kg absorbed by a normal human body. The calculation of SAR value is simplified by Eq. (1):
where σ is conductivity [S/m], E is the electric field [V/m] and ρ is density [kg/m]. SAR value is also interrelated with temperature as shown in Eq. (2):
where c is specific heat capacity [J/(g K)], T is the temperature and t is time. The SAR = 4 W/kg is founded as the exposure value that causes 1
• C to increase on the average mass of a human body temperature [19] . Limit values are defined by SAR value. SAR value is a parameter that cannot be measured directly. Therefore, electric and/or magnetic field strength in the near field and power density in the far field is measured to evaluate SAR. This specific absorption rate is RF electromagnetic energy absorbed by the body in average six minutes.
Standard and guidelines
The limit values about electromagnetic radiation determined by International Commission on Non-Ionizing Radiation Protection (ICNIRP) are the most widely accepted standard in many countries all around the world. ICNIRP is an independent research organization and officially recognized by the World Health Organization (WHO) and the International Labour Organization (ILO). ICNIRP guideline is the product of collaboration of universities and research institutions with many engineers, biologists, physicists, epidemiologists and other relevant inter-disciplinary team of scientists. The Information and Communication Technologies Authority (ICTA) prepared and published a regulation on the security certification of electronic communication devices in Turkey. Table I shows the limit values of ICNIRP and ICTA for electric field, magnetic field and power density [19, 20] . 
Measurements and results
Electromagnetic field measurements were realized with a compact spectrum analyzer device (SRM 3006, Narda Safety Test Solutions GmbH, Pfullingen, Germany). It measures the electric field in the 420 MHz-6 GHz frequency range with a triaxial coil antenna. Frequency band can be selected for different frequencies. The distance that splits the near and far field follows 2D 2 λ parameter. R < 3λ is accepted as near field criterion and λ < D and R > 2D 2 λ is accepted as far field limit, where λ is wavelength, D is diameter and R is radius [11, 20] . Measurement channels and measurement results for three dwellings are given in Table II .
Using this maximum and maximum average electric field strength (EFS) measurement results for three dwellings in Table II , the graphics are obtained as in Fig. 2a-c . The graphics show electric field strength for different channels. Among the average maximum EFS values for all the channels, WLAN channel shows the highest EFS value in the all dwellings. For the instant measurements, any channels peak values may show highest EFS, depending on the distance between transmitters. Figure 2d shows one of the spectrum view from measurements. The measurement results around the Wi-Fi adapter are given in Table III. The results of Table III are plotted in Fig. 3 . 
Conclusions
In this study, electromagnetic radiation in dwelling is investigated. The all electric field strength values are below ICTA limits. Among the channels of GSM, LTE, Wi-Fi EM sources in dwelling, Wi-Fi and LTE (during streaming) are more effective in dwellings. Electric field strength of Wi-Fi adapters are close to ICTA limits. In dwellings, Wi-Fi adapters or high power Wi-Fi repeaters shows more electric field strength compared to GSM technologies. Even thought the instant values are below the SAR values, long term exposure may effect because it is close to upper limit. High power wireless adapters and modems are suggested to keep away from human body.
